Abstract. Angiopoietin-like protein 2 (ANGPTL2) plays an important role in inflammatory carcinogenesis and tumor metastasis. The compound GDC-0152 is a peptidomimetic small molecule antagonist of inhibitor of apoptosis (IAP) proteins with antitumor activity. However, the interaction between ANGPTL2 and GDC-0152 has not been studied. It has been proven that ANGPTL2 promotes metastasis of osteosarcoma. Therefore, in the present study, the effect of GDC-0152 on the malignant progression of osteosarcoma promoted by ANGPTL2 was investigated. Human osteosarcoma cell line SaOS2 cells were pre-treated or non-treated with GDC-0152 and then exposed to recombinant human ANGPTL2. The viability of SaOS2 cells was determined by MTT assay, the migration of SaOS2 cells was analyzed by chamber migration assay kit, and the SaOS2 cell apoptosis was determined by fluorescence-activated cell sorting (FACS) and nuclear staining. Treatment with ANGPTL2 increased SaOS2 cell growth and migration and decreased cell apoptosis. The increased cell growth and decreased cell apoptosis were significantly attenuated in SaOS2 cells receiving GDC-0152. However, the ANGPTL2-increased SaOS2 cell migration was not inhibited by GDC-0152 treatment. Furthermore, western blot analysis showed that the activation of phosphatidyl inositol 3-kinase (PI3K) (p85), PI3K (p110), protein kinase B (Akt) (Ser473), Akt (Thr308) and p38 mitogen-activated protein kinase (p38MAPK) were upregulated by ANGPTL2.
Introduction
Angiopoietin-like protein 2 (ANGPTL2), a member of the angiopoietin-like family, is an adipose tissue-derived secretory glycoprotein (1) . ANGPTL2 plays diverse important roles in metabolic syndrome (2) , angiogenesis (3), inflammatory carcinogenesis and tumor metastasis (4) . The ANGPTL2 function has been reported as a chronic inflammatory mediator that promotes pathological tissue remodeling in atherosclerotic disease (5, 6) and cancer (7, 8) . ANGPTL2 can promote cancer cell growth by activating the phosphatidyl inositol 3-kinase/protein kinase B (PI3K/Akt)-dependent signaling pathway (9) (10) (11) and promote invasion and metastasis in cancer by the p38 mitogen-activated protein kinase (p38MAPK) signaling pathway (12) .
The compound GDC-0152 with the molecular formula of (S)-1-[(S)-2-cyclohexyl-2-([S]-2-[methylamino]propanamido) acetyl]-N-(4-phenyl-1,2,3-thiadiazol-5-yl)pyrrolidine-2-carboxamide, as shown in Fig. 1A , is a peptidomimetic small molecule antagonist of inhibitor of apoptosis (IAP) proteins with antitumor activity (13) . GDC-0152 showed robust antitumor activity as a single agent in cancer (14) . GDC-0152 induces NK-κB transcriptional activity leading to expression of several chemokines and cytokines, such as tumor necrosis factor α (TNF-α) and monocyte chemotactic protein-1 (MCP-1), which are the most important for single-agent tumor activity (15).
However, the interaction between ANGPTL2 and GDC-0152 has not been studied. It has been proven that ANGPTL2 promotes metastasis of osteosarcoma (12) , and GDC-0152 induces apoptosis through inhibition of PI3K/Akt signaling pathway (16) , thus, we sought to determine if GDC-0152 indirectly attenuates the malignant progression of osteosarcoma promoted by ANGPTL2. In the present study, to the best of our knowledge, the hypothesis that GDC-0152 indirectly attenuates the malignant progression of osteosarcoma promoted by ANGPTL2 was tested for the first time. The results showed that ANGPTL2 promoted cell growth, invasion and metastasis of osteosarcoma. The cell growth could be attenuated by the treatment with GDC-0152, while GDC-0152 did not inhibit the invasion and metastasis induced by ANGPTL2. GDC-0152 also suppressed the activation of PI3K/Akt upregulated by ANGPTL2, but did not suppress ANGPTL2-induced p38MAPK phosphorylation, matrix metalloproteinase-9 (MMP-9)/matrix metalloproteinase-2 (MMP-2) mRNA expression or MMP-9/MMP-2 activity, suggesting that GDC-0152 attenuates the malignant progression of osteosarcoma promoted by ANGPTL2 via PI3K/AKT but not the p38MAPK signaling pathway. The present study indicated a novel therapeutic strategy to inhibit tumor growth by indirectly preventing ANGPTL2 signaling.
Materials and methods
Cell culture. The human osteosarcoma cell line, SaOS2 cell, was obtained from the RIKEN Cell Bank (Tsukuba, Japan). The present study was performed in accordance with the Experiment Guidelines of Harbin Medical University (Harbin, China) and ethical approval was obtained from the Harbin Medical University. SaOS2 cells were cultured in McCoy's 5A medium supplemented with 10% fetal calf serum (FCS; Gibco, Grand Island, NY, USA), and were cultured in an incubator (Sanyo, Tokyo, Japan) with 5% CO 2 at 37˚C.
Reagents. GDC-0152 was obtained from Genentech Inc. (South San Francisco, CA, USA). SaOS2 cells were seeded and maintained in McCoy's 5A medium containing 10% FCS for 24 h. After 24-h incubation, the cells were pre-treated or non-treated with GDC-0152 at a concentration of 5 µM for 3 h and then exposed to recombinant human ANGPTL2 protein at a concentration of 5 µg/ml, and further incubated for another 24 h. The viability, migration and apoptosis of SaOS2 cells was determined by MTT assay, chamber migration assay kit, fluorescence-activated cell sorting (FACS) and nuclear staining, respectively. The activation of PI3K (p85), PI3K (p110), Akt (Ser473), Akt (Thr308) and p38MAPK were detected by western blot analysis. The mRNA expression and activity of MMP-9 and MMP-2 were determined by quantitative real-time polymerase chain reaction (qTR-PCR) and gelatin zymography.
Recombinant human ANGPTL2. Recombinant human ANGPTL2 was prepared according to the method previously described (12) . The recombinant human ANGPTL2-hexahiatidine-tagged protein was expressed in Escherichia coli Rosetta pLacl (Merck) as an inclusion body. The inclusion body was solubilized, reduced and modified by 3-trimethylammoniopropyl methanethiosulfonate bromide (TAPS-sulfonate; Wako Pure Chemicals, Osaka, Japan) according to a previously reported procedure (17) with modifications. TAPS-modified proteins were desalted on a Sephadex G-25 column (GE Healthcare, Tokyo, Japan). Desalted proteins were loaded onto a TALON column (Takara Bio, Shiga, Japan) and eluted with 0.15 M imidazole after washing the column with solubilizing buffer. The eluted sample was desalted again and apportion of the sample was diluted into refolding buffer (2 µg/ml) containing 2 mM cysteine and 0.5 mM cysteine at 4˚C for 14 h. The proteins were adsorbed onto a Source 30 reverse-phase matrix (GE Healthcare) and eluted with acetonitrile containing 0.04% trifluoroacetic acid. The eluate was freeze-dried, dissolved in 0.1% acetic acid.
The viability of SaOS2 cells treated with recombinant human ANGPTL2 (5 µg/ml) in the presence or absence of GDC-0152 (5 µM) was determined by a colorimetric MTT assay according to the method previously described (18) . Absorbance at 550 nm was determined by an MTP-800 microplate reader (Corona Electric Co., Tokyo, Japan). Absorbance at 690 nm was also measured to compensate for any interfering effects of cell debris and the microtiter plate. Percentage of viable cell number was calculated as optical density (OD) of treated sample/OD of untreated control x 100.
Migration assay. The migration assay was performed using a 48-well chamber migration assay kit with polycarbonate membrane (Nuclepore, Pleasanton, CA, USA) according to the method previously described (19) . SaOS2 cells were pre-treated or non-treated with GDC-0152 (5 µM) for 3 h and then exposed to recombinant human ANGPTL2 protein (5 µg/ml). For preparation, the upper wells were coated with 0.01% collagen for 30 min of incubation at 37˚C. Next, SaOS2 cells (5x10 4 cells/well) were seeded on the upper chamber of transwell in serum-free McCoy's 5A medium with recombinant human ANGPTL2 in the presence or absence of GDC-0152. The Dulbecco's modified Eagle's medium (DMEM) with 10% FCS as chemotactic medium was added to the lower wells. Following incubation at 37˚C for 24 h, the cells that had migrated to a lower filter surface were fixed with 4% paraformaldehyde in PBS for 10 min at room temperature and stained with crystal violet. Cell migration was defined as the number of cells that had migrated to a lower filter surface and counted under a x100 microscope (Olympus Optical, Co., Ltd., Tokyo, Japan).
FACS analysis of cell apoptosis. SaOS2 cells were seeded in a 6-well plate at a density of 1x10 5 cells/well and incubated in McCoy's 5A medium for 24 h. After 24 h, the cells were pre-treated or non-treated with GDC-0152 at a concentration of 5 µM for 3 h before the treatment with recombinant human ANGPTL2 protein at a concentration of 5 µg/ml and then further incubated for another 24 h. The SaOS2 cells were washed twice with PBS (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 , 1.4 mM KH 2 PO4). Staining for apoptosis was performed using an Annexin v (cell apoptosis signaling component)-Biotin Apoptosis kit as per the manufacturer's instructions (Biovision, Mountain view, CA, USA). Stained cells were analyzed using FACSCalibur™ flow cytometry (BD Biosciences, San Jose, CA, USA) with CellQuest software. Ten thousand events were collected for each sample.
Nuclear staining with hoechst 33342 for morphological evaluation. SaOS2 cells were plated in 6-well plates at the density of 1x10 5 cells/well. After 24-h incubation, the cells were pre-treated or non-treated with GDC-0152 (5 µM) for 3 h, and then treated with recombinant human ANGPTL2 protein (5 µg/ml) and further incubated for another 24 h. Then the cells were washed with PBS, fixed in 4% paraformaldehyde (Bioss, Beijing, China) for 30 min and then stained with 20 mg/ml Hoechst 33342 for 15 min at room temperature in the dark. Cells were then assessed by fluorescence microscopy for morphological changes.
Western blot analysis. Electrophoresis was performed using a vertical slab gel with 12% polyacrylamide content according to the method previously described (20) . The transfer of proteins from the SDS polyacrylamide gel to a membrane was performed electrophoretically according to the method previously described (21) with certain modifications using a Semi Dry Electroblotter (Sartorius AG, Goettingen, Germany) for 90 min with an electric current of 15 v. The membrane was treated with Block Ace™ (4%) for 30 min at 22˚C. The first reaction was performed using rabbit immunoglobulin (IG) G antibodies against PI3K (p85), PI3K (p110), Akt (Ser473), Akt (Thr308) and p38MAPK (Sigma, Shanghai, China) in PBS containing 0.03% Tween-20 for 1 h at 22˚C. Following washing in the same buffer, the second reaction was performed using horseradish peroxidase (HRP)-conjugated anti-rabbit goat IgG (20 ng/ml) for 30 min at 22 C. Following washing, the enhanced chemiluminescence (ECL) reaction was performed on the membrane using the ECL Plus Western Blotting detectionsystem™ (GE Healthcare Life Sciences).
Quantitative real-time polymerase chain reaction (qRT-PCR).
SaOS2 cells were plated in 6-well plates at the density of 1x10 5 cells/well. After 24 h, the cells were pre-treated or non-treated with GDC-0152 (5 µM) for 3 h, and then exposed to recombinant human ANGPTL2 protein (5 µg/ml). After incubated for another 24 h, cells were treated with TRIzol reagent (Life Technologies, Tokyo, Japan). Total RNA was extracted from SaOS2 cells and relative mRNA was normalized to GAPDH. The following primers (Hokkaido System Science Co., Ltd, Sapporo, Japan) were used: MMP-9 forward, 5'-CTTCACTT TCCTGGGTAAG-3' and reverse, 5'-CACTTCTTGTCGCT GTCAAA-3'; MMP-2 forward, 5'-GACATACATCTTTGCT GGAGAC-3' and reverse, 5'-TTCAGGTAATAGGCACC CTT-3'; GAPDH forward, 5'-TGCACCACCAACTGCTT AGC-3' and reverse, 5'-GGCATGGACTGTGG TCATGAG-3'. QPCR was performed using the ABI 7300 Fast real-time PCR system (Applied Biosystems, Foster City, CA, USA).
Gelatin zymography. SaOS2 cells were incubated in McCoy's 5A medium for 24 h. Then the cells were pre-treated or nontreated with GDC-0152 (5 µM) for 3 h before the treatment with recombinant human ANGPTL2 protein (5 µg/ml) and further incubated for another 24 h. According to the method previously described (12) , supernatants of culture medium from SaOS2 cells were subjected to electrophoresis (10% SDS-polyacrylamide gel, which was copolymerized with 0.1% gelatin as substrate). Gels were washed with 2.5% Triton X-100 to remove SDS and then incubated with developing buffer (50 mM Tris-HCl pH 7.4, 200 mM NaCl, 5 mM CaCl 2 , 0.02% Briji 35) overnight at 37˚C. Gels were then stained with 0.5% Coomassie Brilliant Blue R-250. Band intensities were quantified with ImageJ software (National Institutes of Health Freeware). The sum of MMP-9 and MMP-2 bands was determined as activity, respectively.
Statistical analysis. Data are expressed as the mean ± standard deviation. Each experiment was repeated at least three times. The Student's t-test was used and P<0.05 was considered to indicate a statistically significant difference.
Results
Treatment with GdC-0152 suppresses SaOS2 cell growth promoted by ANGPTL2. To investigate the effect of GDC-0152 on growth of SaOS2 cells promoted by ANGPTL2, SaOS2 cells were seeded in a 6-well plate at a density of 1x10 5 cells/well and incubated in McCoy's 5A medium for 24 h. After 24-h incubation, the cells were pre-treated or non-treated with GDC-0152 at a concentration of 5 µM for 3 h then exposed to recombinant human ANGPTL2 protein at a concentration of 5 µg/ml, and then further incubated for another 24 h. The viability of SaOS2 cells was determined by a colorimetric MTT assay. ANGPTL2 promoted SaOS2 cell growth significantly ( Fig. 1B; P<0 .01). The ANGPTL2-promoted tumor cell growth was significantly suppressed by pre-treatment with GDC-0152 ( Fig. 2A; P<0 .01).
GdC-0152 attenuates the decrease of ANGPTL2-induced
SaOS2 cell apoptosis. SaOS2 cells were seeded and maintained in McCoy's 5A medium containing 10% FCS for 24 h. After 24 h, the cells were pre-treated or not treated with GDC-0152 (5 µM) and then exposed to recombinant human ANGPTL2 protein (5 µg/ml) and further incubated for another 24 h. The SaOS2 cell apoptosis was performed using an Annexin v-Biotin Apoptosis kit and nuclear staining with Hoechst 33342 by fluorescence microscopy. ANGPTL2 decreased SaOS2 cell apoptosis significantly compared with control SaOS2 cells. The ANGPTL2-induced cell apoptosis decrease was significantly attenuated in the SaOS2 cell pretreated with GDC-0152 ( Fig. 2B and C; P<0 .01).
GdC-0152 does not inhibit ANGPTL2-increased SaOS2 cell migration. SaOS2 cells were seeded and maintained in
McCoy's 5A medium containing 10% FCS. The cells were pre-treated or non-treated with GDC-0152 (5 µM) 3 h before treatment with recombinant human ANGPTL2 protein (5 µg/ml) and then further incubated for another 24 h. The migration assay was performed using a chamber migration assay kit. ANGPTL2 increased SaOS2 cell migration significantly ( Fig. 1C; P<0 .01). Treatment with GDC-0152 did not inhibit the ANGPTL2-increased SaOS2 cell migration ( Fig. 3;  P>0 .05).
GdC-0152 suppresses ANGPTL2-induced upregulated activation of PI3K and Akt in SaOS2 cells.
SaOS2 cells were seeded and maintained in McCoy's 5A medium containing 10% FCS. The cells were pre-treated or not treated with GDC-0152 (5 µM) and then exposed to recombinant human ANGPTL2 protein (5 µg/ml) for another 24 h. The activation of PI3K (p85), PI3K (p110), Akt (Ser473) and Akt (Thr308) in SaOS2 cells were measured by western bolt analysis. β-actin was used as the normalization. ANGPTL2 upregulated the activation of PI3K (p85), PI3K (p110), Akt (Ser473) and Akt (Thr308) significantly compared with control SaOS2 cells. The ANGPTL2-induced upregulated the activation of PI3K (p85), PI3K (p110), Akt (Ser473) and Akt (Thr308) were significantly suppressed in the SaOS2 cell pre-treated with GDC-0152 ( Fig. 4; P<0 .01).
GdC-0152 does not suppress ANGPTL2-induced MMP-9/ MMP-2 mRNA expression or MMP-9/MMP-2 activity.
SaOS2 cells were seeded and maintained in McCoy's 5A medium containing 10% FCS. The cells were pre-treated or not treated with GDC-0152 (5 µM) 3 h before treatment with recombinant human ANGPTL2 protein (5 µg/ml) and then further incubated for another 24 h. The mRNA expression and activity of MMP-9 and MMP-2 were measured by qTR-PCR and gelatin zymography, respectively. GAPDH was used as the normalization ANGPTL2 significantly increased MMP-9/ MMP-2 mRNA expression and MMP-9/MMP-2 activity in SaOS2 cells (P<0.01). The ANGPTL2-induced increases of MMP-9/MMP-2 mRNA expression and MMP-9/MMP-2 activity were not inhibited by the treatment with GDC-0152 ( Fig. 5A and B ; P>0.05).
GdC-0152 does not suppress ANGPTL2-induced p38MAPK
phosphorylation. SaOS2 cells were seeded and maintained in McCoy's 5A medium containing 10% FCS. The cells were pre-treated or not treated with GDC-0152 (5 µM) for 3 h then exposed to recombinant human ANGPTL2 protein (5 µg/ml) and then further incubated for another 24 h. The activation . GDC-0152 attenuates the ANGPTL2-induced increase of SaOS2 cell growth and decrease of SaOS2 cell apoptosis. SaOS2 cells were pre-treated or not treated with GDC-0152 (5 µM) and then exposed to recombinant human ANGPTL2 protein (5 µg/ml). The viability and migration of SaOS2 cells was determined by a colorimetric MTT assay (A), and the SaOS2 cell apoptosis was performed using an Annexin v-Biotin Apoptosis kit (B) and nuclear staining (C). SaOS2 cells were photographed at a high-power field (magnification, x400). ANGPTL2 increased SaOS2 cell growth and decreased SaOS2 cell apoptosis significantly. The increased SaOS2 cell growth and decreased cell apoptosis were significantly attenuated in the SaOS2 cell pre-treated with GDC-0152. Data are expressed as the mean ± standard deviation (n=3). P<0.05 was considered to indicate a significant difference ( ** P<0.01, ANGPTL2 treated group vs. control group; ## P<0.01, GDC-0152/ANGPTL2 treated group vs. ANGPTL2 group). Figure 3 . GDC-0152 does not inhibit ANGPTL2-increased SaOS2 cell migration. SaOS2 cells were pre-treated or not treated with GDC-0152 (5 µM) and then exposed to recombinant human ANGPTL2 protein (5 µg/ml). The migration of SaOS2 cell was performed using a chamber migration assay kit. SaOS2 cells were photographed at a high-power field (magnification, x400). ANGPTL2 increased SaOS2 cell migration significantly. Treatment with GDC-0152 did not inhibit the ANGPTL2-increased SaOS2 cell migration. (B) Quantification of (A). Data are expressed as the mean ± standard deviation (n=3). P<0.05 was considered to indicate a significant difference ( ** P<0.01, ANGPTL2 treated group vs. control group; P>0.05, GDC-0152/ANGPTL2 treated group vs. ANGPTL2 group). 
Discussion
The present study demonstrated, for the first time, to the best of our knowledge, that GDC-0152 attenuated ANGPTL2-promoted malignant progression of osteosarcoma in human osteosarcoma cell line, SaOS2 cells. ANGPTL2, a member of the angiopoietin-like family, is an adipose tissue-derived secretory glycoprotein (1) . The ANGPTL2 protein is mainly expressed in adipose tissue and this expression is related with endoplasmic reticulum (ER) stress (22) . ANGPTL2 plays diverse and important roles in metabolic syndrome (2), angiogenesis (3), inflammatory carcinogenesis and tumor metastasis (4) . The ANGPTL2 function has been reported as a chronic inflammatory mediator that promotes pathological tissue remodeling in atherosclerotic disease (5, 6) and cancer (7) . Previous studies reported that ANGPTL2 expression in tumor cells is induced by hypoxia and nutrient starvation in the tumor microenvironment (8) . In addition to enhancing tumor angiogenesis and lymphangiogenesis, ANGPTL2 increases tumor cell migration and promotes monocyte and macrophage infiltration in skin squamous cell carcinoma (23) , colorectal cancer (4), hepatocellular carcinoma (24) and osteosarcoma (12) . The present study confirmed that treatment with ANGPTL2 increased SaOS2 cell growth and migration and decreased cell apoptosis ( Figs. 1 and 2 ). During the process of cancer, inhibitor of apoptosis (IAP) proteins are frequently overexpressed in cancer cells, where they serve as regulators of cancer cell survival and indicators of poor prognosis (25) . IAP proteins are involved in regulating apoptosis or programmed cell death and act to suppress apoptosis (26) . By contrast, inhibition of IAP proteins sensitizes cancer cells to pro-apoptotic anticancer agents. Compound GDC-0152 is a peptidomimetic small molecule antagonist of IAP proteins with antitumor activity (13) . GDC-0152 showed robust antitumor activity as a single agent in cancer (14) . GDC-0152 induces NK-κB transcriptional activity leading to expression of several chemokines and cytokines, such as tumor necrosis factor α (TNF-α) and monocyte chemotactic protein-1 (MCP-1), which are the most important for singleagent tumor activity (15). Thus, we sought to determine if GDC-0152 attenuates the malignant progression of osteosarcoma promoted by ANGPTL2.
In the present study, we found that the increased cell growth and decreased cell apoptosis induced by ANGPTL2 were significantly attenuated in SaOS2 cells receiving GDC-0152 (Fig. 2) . However, the ANGPTL2-increased SaOS2 cell migration was not inhibited by the treatment of GDC-0152 (Fig. 3) . Since ANGPTL2 can promote cancer cells growth by activating PI3K/Akt-dependent signaling pathway (9) (10) (11) and promote invasion and metastasis in cancer by p38MAPK signaling pathway (12), we tried to better understand the relationship between GDC-0152 and the two signaling pathways. PI3K phosphorylates phosphatidylinositol lipids in response to various growth factors (27) . PI3K/Akt pathway has crucial roles in modulating cell growth, cell cycle, cell survival and cytoskeletal rearrangement (28) . Because PI3K consists of heterodimers of the p85 regulatory subunit and the p110 catalytic subunit (27) , we detected the activation of PI3K (p85), PI3K (p110), Akt (Ser473) and Akt (Thr308) in SaOS2 cells. The activation of PI3K (p85), PI3K (p110), Akt (Ser473) and Akt (Thr308) were upregulated by ANGPTL2. The upregulated activation of PI3K and Akt were significantly suppressed by the treatment of GDC-01 (Fig. 4) . These data contrast with the results reported previously that GDC-0152 induces apoptosis through inhibition of PI3K/Akt signaling pathway (16) . On the other hand, MMP-9 and MMP-2 are key enzymes in tumor metastasis (29) . To examine signaling downstream of ANGPTL2 that might mediate metastasis, we performed qTR-PCR and gelatin zymography to analyze the mRNA expression and activity of MMP-9 and MMP-2 SaOS2 cells. The results showed that mRNA expression and activity of MMP-9 and MMP-2 were significantly increased by ANGPTL2. However, the ANGPTL2-increased mRNA expression and activity of MMP-9 and MMP-2 were not decreased in GDC-0152-rep-treated SaOS2 cells (Fig. 5A  and B) . Because p38MAPK is the signaling pathway inducing MMP expression (12), we also investigated the p38MAPK phosphorylation. ANGPTL2 significantly increased the p38MAPK phosphorylation in SaOS2 cells. ANGPTL2-induced p38MAPK phosphorylation was not inhibited by the treatment with GDC-0152 (Fig. 5C) .
According to the mechanism described in Fig. 6 , ANGPTL2 promotes cancer cells growth via PI3K/Akt signaling pathway and promote invasion and metastasis in cancer by the p38MAPK signaling pathway. GDC-0152 attenuates the PI3K/Akt signaling pathway but does not inhibit p38MAPK signaling pathway. Although our data provide evidence to prove the indirect interaction between ANGPTL2 and GDC-0152, the complex process and mechanism need to be further investigated in the future. In the present study, we demonstrated that GDC-0152 attenuates the malignant progression of osteosarcoma promoted by ANGPTL2 via PI3K/AKT but not the p38MAPK signaling Figure 6 . The mechanism of the malignant progression of osteosarcoma. ANGPTL2 promotes cancer cell growth and inhibits cancer cell apoptosis via PI3K/Akt signaling pathway. On the other hand, ANGPTL2 increases MMP-9/MMP-2 activity and promotes invasion and metastasis in cancer by p38MAPK signaling pathway. GDC-0152 attenuates the PI3K/Akt signaling pathway but does not inhibit the p38MAPK signaling pathway.
pathway in SaOS2 cells. Our study indicated a novel therapeutic strategy to inhibit tumor growth by indirectly preventing ANGPTL2 signaling.
